The World Infrared Standard Group (WISG) of
longwave radiometers: How can/should updated
calibrations be transferred to BSRN records?
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World Infra-Red Standard Group (WISG)

« PMOD/WRC pyrgeo calibrations based on WISG

Eppley PIR K&Z CG4
31463 (>2001), 31464 (>09.2003) FT004(>09.2003), 010535 (>09.2003)

« WISG calibration based on ...
PIR 31463, CG4 FT004 calibs based on IPASRC-I, -1l (1999, 2001)

Agreement of pyrgeos, ASR, AERI, RTMs was +2 W.m>.

« WISG
Internal stability +1 W.m2 since Jan. 2004
Uncertainty +2.5 W.m2
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World Infrared Standard Group — WISG
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World Infra-Red Standard Group (WISG)

« WISG is complemented by 2 pyrgeos without IWV
dependence:

- Since Feb. 2008, CG4 030669 (FTO06 body, 030669 dome),
unofficial “WISGg".

- Since Nov. 2011, CGR4 110390 (no solar-blind filter), unofficial
‘WISGy™.

« Observations in Grobner et al. (JGR, 2015), suggest that the
WISG may eventually need to be re-calibrated against other
transfer standards (IRIS/ACP/others ...) due to:

- IWV dependence of Eppley PIR and pre-2003 K&Z CG4 when
IWV<~10 mm.

- A scale offset (up to -5 W.m2) of the WISG due to its calibration
dating back to IPASRC-| and II.

pmod 'wrc



How will these aspects potentially affect

BSRN long-wave irradiance time-series?
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BSRN Pyrgeometer Statistics (Dec. 2015)

BSRN PYRGEOMETER INSTRUMENT TYPES

Eppley K&2Z K&z Total

PIR CG4 CGR4
N 188 15 20 223
% (of total) 84.3 6.7 9.0 100

BSRN PYRGEOS WITH IWV DEPENDENCY

Eppley K&z Total

PR  CG(R)4
N 188 35 223
N (IWV depend)* 188 10 198
% 100 29 89

*Assumingall PIR and pre-2003 CG4(<SN 030646) are affected.

"Supported" by numerous 1-season calibs wrt WISG.

BSRN PYRGEOS WITH DIRECT TRACEABILITY
TO WISG (ie CALIBRATED AT PMOD/WRC)

Eppley K&Z Total

PIR  CG(R)4
F F
N 188 35 223
N (dir. traceable) Sy, 11 58
% 25 31 26

BSRN PYRGEOS WITH INDIRECT TRACEABILITY
TO WISG (ie CALIBRATED VIA A REF. PYRGEO)

Eppley K&Z Total
PIR CG(R)4

Confirmed Confirmed Confirmed

so far so far so far
F F
N 188 35 223
N (indir. traceable) Ty 24 64
% 21 69 29

Note: Data from PMOD Archive

Note: Percentages are definite and not upper or lower limits

Note: Percentages are lower limits
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BSRN Pyrgeometer Statistics (Dec. 2015)

DIRECT AND INDIRECT TRACEABILITY
TO WISG

Eppley K&Z Total

PIR.  CG(R)4

N " 188 7 35 223
N (total traceable) 87 35 122
% a6 100 55

Summary

At least 55% BSRN pyrgeos
currently have calib directly/indirectly
traceable to WISG.

Hence, max of 45% BSRN pyrgeos
have calibrations traceable to BBs
and other institutes.

Users (those asked so far) have
confirmed that WISG calibrations
were implemented asap.

Portions of BSRN time-series may
still be based on BB calibrations.

Note: Statistics refer to N of pyrgeos
and not data-months in BSRN
archive.
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BSRN Pyrgeometer Statistics (Dec. 2015)

The "Big" Picture

DIRECT AND INDIRECT TRACEABILITY
TO WISG The number of pyrgeos (used for atmos

meas) outside BSRN is potentially large:
Eppley K&Z Total

PIR  CG(R)4 e Currently 223 pyrgeos in BSRN
archive since inauguration in 1992.

N " 188 " 35 223 e PMOD/WRC has calibration records
M (total traceable) 87 35 122 of ~220 pyrgeos (122 PIR, 98 K&Z)
% a6 100 55 since 1993. Only 58 from BSRN.

e Worldwide number of Eppleys and
K&Z currently in use for atmos
meas?
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BSRN Pyrgeometer Statistics (Dec. 2015)

. .
Z N ;SO N O DO N MS WM ON®N DO H N M S I o P r eometer Callbra‘tlon
2 3838383838888 888888838¢3 83535 8 o

Station g W H H H H H H 3 NN NN NN NN NN NN~

wise history of several stations

Alert ALE 5 2 12 12 2 1 12 12 3

Alice springs AsP 202 R R L L2 W R 2R 112 12 R 12 12 12 1 9 a n al S e d S O f ar

Barrow BAR 202 LR LR L2 LR LR R 12122 y .

Bermuda BER L0202 R L 2R R 22122 R L2 R R

Billings BIL 4 2 2 R L2 LR LU LR LR 11212 1R 4

|Bondville BON 2012 2 1R B L2 R 1R R 2B B 1L 6

Boulder, SURFRAD BOS 5 12 12 12 12 12 12 12 1212 12 12 12 12 6

Boulder BOU L2 L2 1R B LR B2 R L2211 1212 7 .

Brasilia BRB g8 10 4 12 12 12 6 12 9 (] Ye I I OW - B B Cal I bS

cabauw caB noR 2R 1R B2 R 1R

Camborne cAM 2 o1 12 12 12 1 12 2 12 .

Carpentras cAR 4 2 2 2 R R R R[BBL LR L L LR BL2 LR tr aC e a b | e to m a n u f / I n St

Chesapeake Light CcLH 8 12 11 12 12 2 12 12 2 2 12 12 12 2 12 1

cener CNR 6 12 12 12 2

Cocos Island coc 3 10 8 12 12 12 12 12 9 4 9

De Aar DAA 7 6 12 11 122 1

Darwin DAR 0 012 2 2 1R 1 2R 1 1 3

Desert Rock DRA 0012 2 2 1R L 2R 1 1 12 6 . .

Concordia Station DOM 2 12 12 12 2 . ng ht Orange f— B B Cal I bS

Darwin Met Office DWN 12 12 12 12 12 9 9

Eureka EUR 4 2 B 1 DR . . .

Southern Great Plains €13 207 12 2 1R 1 L2 R 1R L2 R 1R 112U 1R 1 4 d I re Ctl /I n d I re Ctl t raC e a b | e

Florianopolis FLO 6 12 12 10 12 12 9 12 12 12 12 1 4 12 y y

Fort Peck FPE 2012 2 1 1 12 R 121 12 R 121 12 6

Fukuoka FUA 9 12 1 1 u

Goodwin Creek GCR 2012 2 12 1 122 121 1212 121 12 6 tO P M O D W R C B B .

Gobabeb GoB s 12 12

INeumayer station W |21 9 2 2 2 2 2 R R L2 2R R[22 B2 B2 22 12 12 2 12 1

llorin ) 4 122 08 7 12 12 6 12 12 12 7 12 12 7

shigakijima ISH 9 12 1 1 u

zana iZA 0 12 12 12 1 1

i KWA 9 L 12 L L2 L L2 L L2 L 12 2 L2 212 2R 2 B Py D ar k O ran g e - B B/O u td 0 O r

Lauder LAU 5 2 1 12 2 R 1 12 2 2 u 12 2 2 12 9

Lerwick LER 2 o1 2 u u 12 4 12

Lindenberg LIN 3 012 12 12 12 12 12 12 12 12 12 12 12 4 A A A A

Langley Research Center  LRC Ca I S I reCt y I n I reCt y

Momote MAN 302 2 L2 R R L LR L2 L2BR 11212 1R 1

Minamitorishima MNM 9 2 12 12 1

Nauru Island NAU 2 12 1 12 12 R 1 12 2 1 12 12 12 12 12 9 traceable to P M O D/WRC

Ny-Alesund NYA 5 2 12 2 R 1R 1 2 R 12 12 2EIENENEEE R

Palaiseau PAL 7 12 12 12 12 12 12 12 12 12 12

Payerne PAY 3 02 2 12 2 1 1 12 R 12 1 1212 12 12 12 12 12 12 5 W I S G

Rock Springs PSU 7 12 12 12 12 12 12 12 12 12 12 6 .

Petrolina PTR 17 4 12 12 12 12 12 9

Regina REG 2012 2 1R U2 R R 1R 12RO 1R R

Rolim de Moura RLM 2

Sapporo SAP 9 12 12 12 11

Sede Boger SBO 12 12 12 12 12 12 12 12 12 9

Sdo Martinho da Serra SMS 9 12 7 12 12 12 12 12 9

Sonnblick SON 2

Solar Village sov 3 2 B 12 R

South Pole sPo L0210 R L2 LR DL R DL R 2L R 1212

Sioux Falls SXF 7 012 12 12 12 12 6

Syowa svo 2o L2 R R LR R 1R LR 1R 1212 12 1 12 8

Tamanrasset TAM 0012 2R 1 L2 21 1221 112

Tateno TAT 1oL L2 1R LR LR R LR 112U

Tiksi TIK 7 12 12 8

[Toravere TOR 212 2 1R R L2 B 12 1L L 121 LB R

Xianghe XIA 2 o1 12 12 12 1B

Historical station Eismitte| 1
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Closer Look at IWV Dependence and Scale

Offset of Reference and BSRN Pyrgeos
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IWV Dependence of Eppley Pyrgeos:
Previous 3-Season Meas from PMOD/WRC Archive

Irradiznce Bias vs Atmospheric MW, 13-No=-2012 to 17-MWay-2013
E T T T T
PMOD/WRC Poly it 00001 -0.0025 00286 -0.1033 -D.1757 1.0512
Linear fit: :-0.0541 03444 : ;
PIR 29434 - - |

Too few measurements for
IWV>10 mm

|

,_
=
.
T
]

Al data
T : alid data
-4 P : o valid data (W'=0 mm)
: “alidl data ¢ fit
; “alid data lin it (=0 mim)
1 | | 1
1] g 10 15 20 25 a0
Atmospheric MY [rm)

[29434F 3 - WAEG) Irradiance Bias [W.m*
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IWV Dependence of Eppley Pyrgeos:

Previous

PMOD/WRC
PIR 29434

Too few measurements for
IWV>10 mm

NREL
PIR 31197

Too few measurements for
IWV>10 mm

3-Season Meas from PMOD/WRC Archive

(29434F3 - WISG) Iradiance Bias [Wm.2]

(31197F3 - WISG) Irradiance Bias [Wm~-2]

WISG Calib

Irradiance Bias vs Atmosphenc WY, 13-Nov-2012 to 17-May-2013

Poly fitt 00001 00025 00286 -0.1033 -0.1757
Linear fit: :-0.0641 0:3444

10512

A1 dota
Valid data
walid data (14v=0 mm)
walid data x* ft

Walid deta lin ft (Wiv=0 mm)

i
5 10 15 0 3
Atmospheric WA [mm]

Irradiance Bias vs Atmosphernic WV, 22-Sep-2009 to 06-Jan-2010

Poly it 0.0000 -0.0010 00195 -0.1498 02343 09006
Linear fit: :-0.0663 05173 :

A1 dota
Valid data
walid data (14v=0 mm)

alid data x* fit
Valid data lin fit (Wév=0 mm)

i
5 10 15
Atmospheric WA [mm]

(29434F3 - YW SG-5) Irradiance Bias [W.mh-2

21

F3- WSG5) Irradiance Bias [W.m"

(3119,

WISG; Calib

Iradiance Bias vs Atmosphernic WA, 13-Nov-2012 to 17-May-2013

00000 00001 -0.0036 00555 08381 55359
01088 12715 :

All ot
Vaiid clata
WVl clata (WVV=10 mm)

Vaid ciata x° fit
Vel clata In it (W4V>10 mm)

I
5 10 15
Atmospheric MA [mm]

Iradiance Bias vs Atmosphenc WY, 22-Sep-2009 to 06-Jan-2010

00003 00050 00354 -13384 79088
02029 :

Aldata
Vil ot
Vi data (W//=10 mm)

Vel lata 7 it
Valiel clata In fit (W#=10 mm)

I
5 10 15
Atmospheric WA [rmm]

[ mA-2]

Iradiance Bia

a
&
=

(29434F3

IRIS-Best) Imadiance Biss [Wm-2)

(31197F3

IRIS Calib

Irradiznce Bias vs Atmosphenc WMWY, 13-Nov-2012 to 17-May-2013

Poly fit

00023 00744 09012 50208 -12.9005 127635
Linear fit. :

0.2227 12877

A8 deta
Valid data
« Valid data (W>0 mm)

ealid data 3 fit
alid data lin 1t (WAY=0 mm)

i
5 10 15
Atmospheric A [mm]

Irradiance Bias vs Atmosphenc WV, 22-Sep-2009 to 06-Jan-2010

{00002 000% -0.1783
02965 26693

Poly fit

14561 52119 74236
Linear fit. :

alid data
+ vl dats (WV=0 mm)
ealid data 3 fit

alid data lin 1t (WAY=0 mm)

i
5 10 15 0 3 0
Atmospheric A [mm]
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IWV Dependence of K&Z Pyrgeos:

Previous 3-Season Meas from PMOD/WRC Archive

DWD
CGR4 060028

Too few measurements for
IWV>5 mm

NREL
CG4 060881

Too few measurements for
IWV>10 mm

BOM
CG4 060921

Too few measurements for
IWV>10 mm

-

B - WISG) Irradiance Bias [W.m"-

12

{CGR4 0BOO:

(CG4 0BOBB1 - WISG) Irradiance Bias [W.me-2]

- WISE) Imadiance Bias [W m"-2]

(CG4 060921

WISG Calib

Irradiance Bias vs Atmospheric MWV, 18-Dec-2009 to 03-Mar-2010

Poly fit: 00008 -0.0235 02641 -1.4097 3.9770 -62536
Linear fit: ; 0.2211 -1.9603 :

AN dat
Valid data
WValid data (MV=8 mm)

Walid data x° it
Walid data lin it (MA=8 min)

I
5 10 15
Atmospheric MA [mm]

Irradiance Bias vs Atrmospheric M, 23-5ep-2009 to 21-Jan-2010

Poly fit:  0.0000 00026 00544 05287 !2 G745 75289
Linearfitt = 0.0105 -0:1617

Al cta

Vald data

alld deta (1112 mim)
alid data < fi

“Valid data in it (1412 mm)

20
Atrmospheric WA [mm]

Irradiance Bias vs Atmospheric W, 14-Sep-2007 to 09-Jan-2008

Poly fit: -0.0001 00025 -00355 0.1547 0EE14 5 2604
01426 118173

Linear fit

Al gata
ald data

el data (1410 mm)
Wald data x® fit

ald data in fit (1AR/>10 mim)

i L
5 10 15 20 25
Atmospheric W [mm]

g
[
3
5
£
g
Q
H
g
g
g
g
z
Q
<

(G4 0B0BB1 - WISG-5) Irradiance Bias [W.m*-2]

WISG Calib

Irradiance Bias vs Atmosphenc WA, 19-Dec-2008 to 03-Mar-2010

Poly it D0006 -0.0173 0.1848 -0.8951 :1.7930 -0.8600
o0 B

Linear fit: :-0.1223 0,

A8 deta
Valid dsta
wald data (1A= mem)

alid data x° fit
Vel deta lin 1 (Wv=0 min)

i
5 10 15
Atmospheric WY [mm]

Ivadiance Bias vs Atmosphetic WV, 23-Sep-2009 to 21-Jan-2010

Poly fit:  0.0000 -00004 00078 -0D0520 -‘EI 0064 06935
Lingar fit: :-0.0226 0:1871 :

Al data
walid data
Wald data (17=0 mim)

Walid data it
el clata I f (W0 mim)

i i
5 10 15
Atmospheric WY [mm]

WISGg meas. only
available after Feb. 2008

ncs Bias [WmA.2]

IRIS-Best) Ir

28

(CGR4 0800

- IRIS-Best) Iraiance Bias [W.m-2]

(CG4 060851

IRIS Calib

Irradiance Bias vs Atmosphenc WV, 19-Dec-2008 to 03-Mar-2010

Poly it 00077 00BS0 -20946 13.4329 334332 2H.5496
Linear fit. © 0.3942 -1:3803 :

AN deta
Valid cata
“Vald data (W=0 mm)

“ald det x® it
Vald dsta lin 1 (WA=0 min)

i
5 10 15
Atmospheric WY [mm]

Iadiance Bias vs Atmosphetic WV, 23-Sep-2009 to 21-Jan-2010

Poly fit: 0.0008 00377 07001 59939 -‘23 0792 312510
Linear fit: - 0.0247 01786

Alldata
Walid data

valid data (W0 mm)
Walid data x° it

i clata I it (W0 mim)

Atmospheric WY [mim]

IRIS outdoor meas. only
available after June 2008
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IWV Dependence of K&Z Pyrgeos:

Previous 3-Season Meas from PMOD/WRC Archive

K&Z Ref
CG4 010536

* 2011 and 2015 periods
combined
* New dome since 2005

K&Z Ref
CGR4 100280

(CGA 010536 - WISG) Imadiance Bias [W m*-2]

(CGR4 100280 - WISG) Irradiance Bias [W.m*-2]

WISG Calib

Irradiance Bias vs Atmospheric WY, 21-Jul-2011 to 30-Now-2015

Poly it 0.0000 -0.0005 0.0191 -0.3500 3.2808 -12.9172
Linear fitt = 00298 -0:5205

Al data
Vaid data
Vel clata (WV=12 )

Vald data x* it
Vi dte 10 11 (W12 min)
i L

5 10 15 0 3
Atmospheric WA [mm]

Irradiance Bias vs Atmospheric MY, 01-Jul-2014 to 02-Dec-2014

Poly it -0.0000 00010 -0.0219 01703 02363 -5.3506
Linear fit: : 0.0157 02552

All data

Vaid deta

Vi dla (¥=12 mem)
Vel ata x* fit

il ciata In 11 (WY=12 mim)

5 10 15 0 3
Atmospheric MY [mm]

5 - WISGS) Irradiancs Bias [Wma.2]

(CG4 0105:

)

(CGR4 100280 - WISG-5) I radiance Bia:

WISG Calib

Irradiance Bias vs Atrospheric MY, 21-Jul-2011 to 30-Now-2015

Foly it 00000 -0.0001 00044 -00600 ‘[I 4163 -1.3088
Linear fitt © 00342 04106

e
vl data

o vl dats (W=D mm)

Wald data x* fi

Wl ceta i ft (W0 min)

.
5 10 15 20 25
Atmospheric WY [mm]

Inadiance Bias vs Atmospheric WY, 01-Jul-2014 10 02-Dec-2014

Poly fit. -0.0000 00001 -0.0023 00327 -‘02219 05127
Linear it : 00177 02131

e
vl data

o Vel dets (W=D )

Wald data x* fi

Valid deta lin ft (V>0 mm)

.
5 10 15 20 25
Atmospheric WY [mm]

IRIS-Best) Imadiance Bias [W m?-2]

nce Bias [Wm*-2]

3
@

IRIS Calib

Irradiance Bias vs Atmospheric MY, 21-Jul-2011 to 30-Now-2015

(CG4 010536

Paly it -00000 00006 -0.0047 -00332 !EI 3981 -0.5529
Linear ft: .00029 00512 H

A1 data
Valkd dta

Valktdhsts (WV=0 mvm)
Vale deta x*fit

Vali deta in 1 (WA=0 imin)

L
5 10 15 20 25
Atmospheric MV [mm]

Irradiance Bias vs Almospheric MM, 01-Jul-2014 to 02-Dec-2014

(CGR4 100280 - IRI

Poly fit.  -0.0008 0.

0513 -1.2889 156039 IflU 9609 205.3355
Linear fit: .03787 42650 H

A1 dta

Valid data
< Valkd data (V=0 mm)
Vale deta x*fit
Valid deta in 1t (W0 mm)

L
5 10 15 20 25
Atmospheric MV [mm]
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IWV Dependence of K&Z Py

JMA
CGR4 070037

JMA
CGR4 070038

JMA
CGR4 070039

(W2

WISG) Irradiance Bia:

(CGR4 070037

(CGRA 070038 - WISE) Irradiance Bias [W.m*-2]

Wme-2]

WSG) Iradiance Bia:

39

(CGR4 0700

Linear fit: ;-0.0034 00348
s 1
ab H d
ot
Alldata
Veid data
4t + Vaid data (WV=12 mm)
Vi data x° 1
Vil cata I 1 (VWV=12 mim)
& i 1
0 5 10 15 20 25 0
Atmospheric M [mm]
Imadiance Bias vs Atmospheric WY, 22-Jul-2009 to 21-Dec-2009
B T
Poly it -0.0000 -0.0000 00040 -0.1230 [1.5297 -7.0374
Linear fit: : 0.0160 -0:27%6
1 4
2 4
0 4
2 4
il dat
Vall data
Vi data (VW12 )
Valie it x© it
: Valid et In 1t (V312 mim)
5 i i . :

WISG Calib

Iradiance Bias vs Atmospheric MWW, 31-Jul-2012 to 30-Nov-2012

Poly fit: -00000 00025 -0.0623 06733 26839 -0.0810

i 5 [ 15 20 2 il
Atmuspheric W {mm]

Iradiance Bias ve Atmaspheric MY, 11-4ug-2010 to 06-Dec-2010

Poly fil. 00000 -0.0002 00111 -0.2500 26893 -11.4614

Linear fitt : 00427 -08852

4t : 1

ot
Alldato
waid data

A A et (V=12 )
el data x° fit
i dta In it (VY12 mm)

5 i i

i} 5 10 15 0 25

Atmospheric M [mm]

[WmA-2]

7 - WASG-5) Imadiance Bia

R4 07003

(G

(CGRA 070033 - WISG-5) Inadiance Bias [V.m~-2]

Wome-2]

(CGR4 070039 - WISG-5) Iradiance Bia:

Poly it 00000 00002 00053 00472 01001 02851
Linear fit: : 0.0129 -0:1480 :
4t : : |
2t 1
ot 4
A1 detes
Valil deta
4t Vel dts (W20 )
Valid deta ° 1t
Valid deta In 1 (WY=0 min)
& i 1
0 5 10 15 0 25 0
Atmospheric M [mm]
Irradiance Bias vs Atmospheric Wy, 22-Jul-2009 to 21-Dec-2009
B T
Poly it 0.0000 00000 00005 -0.0228 01987 -0.2822
Linear fit: :-0.0244 02914
4 . 4
2 4
0 4
2 4
Allgeta
weld data
el data (W20 mm)
wald data x5 it
ald data lin it (A/>0 rum)
6 i i i ; :
[t} 5 10 15 20 2 30
Atmaspheric WA [mm]
ce Bias vs Almospheric WY, 11-Aug-2010 to 06-Dec-2010
Poly fit:  0.0000 -0.0001 0.0032 -0.0289 ‘U.UAZD 0.2646
Linear fit- - 00083 -0.0903
4t : S
T aoa
walid data
AT + Vald data (V=0 )
ald dafa x° fit
Valid dets in 1t (WMW=0 mm)
5 i i
o 5 10 15 20 25 3

WISG Calib

Imadiance Bias vs Atmospheric WY, 31-Jul-2012 to 30-Now-2012

Atmospheric M [mm]

I

geos:
Previous 3-Season Meas from PMOD/WRC Archive

(CGR4 DT0037 - IRIS-Bisst) Irradiance Bias [V me-2]

- IRIS-Best) Imadiance Bias [W.m»-2]

(CGR4 070038

- IRIS-Best) Imadiance Bias [W.m»-2)

(CGR4 070039

IRIS Calib

Inadiance Bias vs Atmospheric WV, 31-Jul-2012 to 30-Nov-2012

Paly fit: 00000 -0.0038 01118 -1.5086 ‘9 0557 -19.0427
Linear fit: 00322 03962

1l cta
vald dta

+ vald data (WVS0 mm)

alid data x° fit

“alld data in it (=0 mm)

H i
5 10 15 0 25
Atrmospheric W [mm]

Iradiance Bias vs Atmospheric M, 22-Jul-2009 to 21-Dec-2009

Poly fit: -0.0001 00058 -0.1036 0.6629 Dz 607
Linear fit: - 00487 -0:4692

Al data
“alid deta

alid data (W40 mm)
alid data x° it

alid dtalin it (W=D mim)

H i
5 10 15 0 25
Atmospheric W [mm]

Iradiance Bias vs Atmospheric WY, 11-Aug-2010 to 06-Dec-2010

Poly fit: -0.0012 00835 25736 36.4564 2509179 BED.4573
Linear fit: = 00652 -0:8302

Al data
“alid deta

alid data (W40 mm)
alid data x° it

alid dtalin it (W=D mim)

i L
5 10 15 0 25
Atmospheric W [mm]
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IWV Dependence of K&Z Pyrgeos:
Previous 3-Season Meas from PMOD/WRC Archive

WISG Calib WISG; Calib IRIS Calib

rradiance Bias vs Atmospheric MA, 29-Jun-2011 10 D2-Apr-2012 rradiance Bias vs Atmosphenc WY, 29-Jun-2011 to 02-Apr-2012 iradiance Bias vs Atmospheric WY, 29-Jun-2011 to 02-Apr-2012
T &
Poly it -0.0000 0.0004 -0.0103 0.0863 :0.0584 -30803 Poly it 00000 -0.004 00088 -0.0732 0.0089 13748 _|Poyft: 00000 00000 00143 03187 21909 -4.1078
& | Unearit 00273 04270 & | Linearfi: 00738 07020 & | Linear ft: 00168 01939 :
P £ E
E = ]
Eu £ B
= o B
2 : @
= @
52 s 2 g2 4
H =
£ 5
-] g £
£ =] =0 g
2 @ &
2 o @
= z g,
=] Algsts g Aldata &
= Wil data i Valid data = Valid deta
&4 wald deta (V=10 ) gt « Valid dsta (=0 mm) a4 vl dete (V0 )
< il dta x° it g Walid data 1t 2 el deta 1t
i data In fit (MA/10 mm) alid data in Tt (VA0 min) = Valid data lin it (V=0 mm)
§ i L 5 i i 5 i i
0 5 10 15 0 25 Ell 0 5 10 15 0 25 0 0 5 10 15
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IWV Dependence of Pyrgeos:
Summary of 3-Season Meas at PMOD/WRC

Meas >90 days Meas >90 days AND
Meas over IWV =

2—-25mm range

PIR 7 4a
CG(R)4 21 14b

a (1 Customer, 2 WISG, 1 PMOD/WRC), ? (10 Customer, 2 WISG, "WISG5" and "WISG6")

e Autumn-Winter-Spring period long enough but very often too few valid data points
to fully characterise IWV dependence of pyrgeos.

e Characteristics of IWV dependence:
- Range°¢ of IWV dependence: IWV < ~10 mm
- Slope of IWV dependence (IWV < 10 mm): -0.5 W.m2.mm-1 (IWV)

e |WV dependence related to pyrgeo dome, but comprehensive explanation still
missing. Spectral dome transmission? Dome coating?

¢ The range IWV < 2 mm not observed at PMOD/WRC. Is linear or exponential behavior expected? No BSRN station with

simultaneous PIR/pre-2003 CG4 and CG4(R)4 and with low potential IWV found so far. /



IWV Dependence of Pyrgeos:
Conclusions

e More pyrgeos, especially PIR, should have longer meas (preferably
>2 years) to better characterise/confirm IWV dependence.

Other stations* may have simultaneous PIR/pre-2003 CG4 and
post-2004 CG(R)4 meas?

e Is a "general" correction for IWV dependence possible?
We believe so, despite some variability.

e Unlikely that BSRN pyrgeos will be sent to PMOD/WRC for a 3-
season calib — general IWV correction is only realistic option.

e All 188 PIR and 10 CG4 BSRN pyrgeos are most prob. affected.

* Following have submitted PIR and CG4 to BSRN but presently unknowm whether meas were simultaneous (CAR, LAU,LER, PAY, SYO, TAT).
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Scale Offset of Pyrgeos:

WISG and IRIS Long-Term Measurements

-2

WISG-IRIS Residuals [W.m ]

] 10 15
WV [mm]

IRIS measurements from 2011 - 2015

Table 2. Summary of the Dependence of the WISG Pyrge-
ometers With Respect to IRIS#4 Obtained From Measurements
Spanning the Period August 2011 to December 20132

Offset IWV > 10 mm)  Slope (IWV < 10 mm)

Instrument (Wm2) (Wm=2 Iwv-1)
WISG 1 —6.1 —0.52
WISG 2 —4.7 -0.21
WISG 3 —-55 —045
WISG 4 —45 —0.55
WISG —5.1 —042

Table 3. Operational and Suggested Sensitivities of the WISG Pyrgeometers as
Retrieved for the Period August 2011 to December 2013 With Respect to IRIS#42

Sensitivity (uV W=1 m?)

Offset Slope/1 cm IWV  Maximal Relative
Instrument  Operational  IWV > 10 mm IWV < 10 mm Change in %
WISG 1 3.53 3.80 —0.25 =53
WISG 2 3.58 379 —0.14 -30
WISG 3 123 13.2 -1.0 —6.1
WISG 4 9.59 10.1 —0.75 -59

2The slope of the new sensitivities are given per 10 mm IWV, while the relative
changes are calculated for the lowest observed IWV at Davos of 2 mm.

Grobner et al. (JGR, 2015)

PIR and pre-2003 CG4

Up to +4 W.m? too high when
IWV >10 mm
(latest 2011-2015 data)

IRIS and post-2003 CG4
Results to within 1 W.m
Necessary to keep WISG as

a transfer standard as:

IRIS/ACP/... are not "all-
weather" radiometers.
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Scale Offset of Pyrgeos:
Conclusions wrt BSRN

Only WISG,_, and WISG, , have long-term measurements wrt IRIS.

A scale correction can be applied by using the WISG as a re-calibrated
transfer standard wrt IRIS/ACP/XYZ (WISGgs)-

Calculate new sensitivity C using raw data from previous PMOD/WRC
calibrations.

All 188 BSRN PIR pyrgeos are assumed to be affected.

All 35 BSRN CG(R)4 pyrgeos are assumed to be affected.
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Pyrgeo Calib Stability from PMOD/WRC Archives:
Sensitivity C Calculated with Albrecht Eq

Sensitivity C [1V.W--.m?] using Albrecht Eq
w w - - w

Eppley PIR

DWD PIR 21342 at BSRN NYA Station

Sensitivity C [IV.\WH.m?] using Albrecht Eq
w = = w

SURFRAD BB Calib

PMOD BB Calib

PMOD/WRC, WISG-1, PIR 31463

W

-G O0-0-00

Kipp & Zonen CG(R)4

K&Z Ref CG4 010536

1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016

o Albrecht eq (k1=0, k2=1,
k3=constant for PIR). Vertical bars =
uncert. (3.5%).

e Ref pyrgeos or those with a long
calibration history are shown. Others
include:

AWI Potsdam PIR 28858, 28859, 28895, 28897

SURFRAD PIR 29255, 29257, 29258
WISG PIR 31463, 31464

CG4 FT004, CG4 010535
K&Z CG4 010536

e Ref pyrgeos from large institutes
calib at PMOD/WRC on a regular
basis ie 1 — 3 yrs.

e However, most pyrgeos calibrated
every 2 — 5 yrs or on sporadic basis.
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How Good has Transfer of WISG Calibration
been to Commercial Pyrgeometers?

An estimate for CG(R)4 by comparing original K&Z with first WISG calibration.

Difference in Pyrgeometer Calibration C-Values of K&Z Original
and First WISG Calibration (C-Values from Albrecht Eq)

=
[\S]

o
10 @ Calib date(WISG-K&Z)< 3 year
@ Calib date(WISG-K&Z)< 1 year
8 ©
® @
4 (@) @
2 o o
0 O g—~—0 o

<+

@ © ‘
2001 2002 2003 2004 2085 2006 20§ 2008 200920% 2@ 2012 @13 2014 %15 20
@)
. ..

% Difference (Normalisedto period between calibs ie 1 yr)

Improvement since: 1) WISG IWV (]
issues have been recognised, and 2)
K&Z QC procedures improved.

=
o
L

=
[N

Date of Original K&Z Calibration

e Calib procedures? ...

Not really.

- PMOD/WRC: clear sky/partially cloudy night-time.
- K&Z: night-time, clear (net LR > -40 W.m2).

Sensor degredation? Not really.
- WISG CGd4s illustrate drift «1%/year
Scale changes before WISG established?

IWV issues during any part of the
“traceability chain".

Recent improvements (now +/- 1.5%)
due to:

- Intro of IWV criterion at PMOD/WRC since
Apr. 2012.

- K&Z intro of stricter QC procedures has
helped reduce the standard deviation.

* Eppley ref and WISG comparison conducted during IPCs but lack of new Eppley PIR calibrated at PMOD/WRC prevents a more comprehensive overview.

NOTE: Only WISG calibs CG4 and CGR4s (N=17, 42; no multiple entries) within 3 years of orig. K&Z calib incl. using Albrecht eq (ie k;=0, k,=1). Only 4 pyrgeos are in BSRN.

NOTE: 3-season = calibration period during autumn-winter-spring
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BSRN Long-Wave Radiation Archives:
Possible Procedure to Update Time-Series

If BSRN pyrgeos not traceable to WISG then correction not possible.

If BSRN pyrgeos are traceable:

— PMOD/WRC re-determines pyrgeometer sensitivity C wrt WISGis,
using previous calibration data.

— BSRN Users re-calculate long-wave time-series using new sensitivity
C based on WISG s.

— If pyrgeos have an IWV dependence, then apply correction to long-
wave time-series based on IWV time-series.

Submit corrected time-series to BSRN, and adhere to the BSRN archiving
guidelines ... Easy/difficult ... probably controversial ???

However, at this early stage, emphasis on procedures rather than
application of corrections.
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Outlook for Current Project
(Finish Dec. 2016)

e Publish findings and present report to CIMO Task Group.

e Feedback from the BSRN community is very welcome !!!

Thanks for your attention
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What are the Consequences of Adopting the
IRIS/ACP/XYZ as new Transfer Standards?
Global Radiation Budget

e DLR would potentially increase by +4.0 W.m? (clear-sky, IWV>10 mm)
but cloudiness occurs at almost all stations except perhaps at eg Alice
Springs(!)

e Next Task: Obtain raw data and IWV climatology for several
representative stations, and re-calculate DLR time-series.

e Final Task: Possibly see if Martin Wild could run a preliminary Surface
Budget experiment to see the effect (if any).
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What are the Consequences of Adopting the
IRIS/ACP/XYZ as new Transfer Standards?
Global Radiation Budget

(340, 341)
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